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1.1. Carbonic anhydrase inhibitors
Sulphonamide inhibitors of the metalloenzyme carbonic
anhydrase are used in clinical medicine and as diagnostic
tools for the treatment of glaucoma, diverse neuromus-
cular disorders, and as antitumour drugs. Many of these
drugs act systemically and can unfortunately show
undesirable side-eﬀects due to non-selective inhibition
of carbonic anhydrase isozymes present in the target tis-
sue or organ. Attempts have thus been made to design
and synthesise new sulphonamides to overcome these
selectivity issues. The most successful approaches to
date have centred on the use of hydrophilic tails
attached to a scaﬀold of aromatic/heterocyclic sulphon-
amides which additionally possesses an amino, imino, or
hydroxy moiety. More recently, a search for new lead
structures acting as carbonic anhydrase inhibitors has
been initiated.1
The new inhibitors discovered possess diﬀerent ‘‘tails’’,
thus modulating the physiochemical properties of the
resulting sulphonamides. Their synthesis required a
solid-phase library protocol to be developed which mini-
mised the formation of side-products, thus reducing
time-consuming and expensive puriﬁcation steps. A
small library of compounds was synthesised on Nova-
Syn TentaGel resin functionalised with an amino acid
orthogonally protected for solid phase peptide synthesis.
The resulting library compounds were then screened on
the bead for their inhibitory activity against human car-
bonic anhydrases I, II and IX. Compounds were evalu-
ated for their activity in a spectrophotometric assay
evaluating the esterase activity of the selected enzymes.
Comparison of these resin-bound esters (i) was also
made to the analogous free (carboxylic acid) sulphon-doi:10.1016/j.comche.2004.12.001
E-mail: nick_terrett@cambridge.pﬁzer.comamides (ii) synthesised in solution. Comparable results
were obtained, indicating that on-bead testing of car-
bonic anhydrase inhibitors in a library of thioureidobenz-
ene-sulphonamides could be performed successfully.
One of the most active compounds discovered was (iii)
which possessed a Ki for human carbonic anhydrase II
of 5 nM as the resin bound ester compound, and a Ki
of 5 nM as its corresponding free carboxylic acid. This
work has demonstrated that it is possible to use on-resin
assay methodology to rapidly screen a selection of
potent carbonic anhydrase inhibitors.
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(iii)1.2. Concanavalin A lectin
Dynamic Combinatorial Chemistry (DCC) is a new ap-
proach to rapid ligand or receptor identiﬁcation based
on the implementation of dynamic assembly and recog-
nition processes. The method is based on reversible
bond formation between suitable building blocks, lead-
ing to spontaneous assembly of all possible product
combinations. As the libraries are dynamic, they allow
for target-driven and self-screening processes that may
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the strongest binding to the target protein.
Molecular recognition of carbohydrates is an area of re-
search with potential bearing on drug discovery. Carbo-
hydrates themselves play central roles in many
biological processes, such as cell-cell interactions and
communication. Carbohydrates therefore are highly
attractive tools for generating mimics and analogues of
such recognition processes. The synthesis of combinato-
rial carbohydrate libraries is a challenging task and the
application of DCC may alleviate these problems, espe-
cially by forming libraries of dynamically interchanging
carbohydrate clusters. To explore the use of DCC in gly-
cobiology, dynamic libraries of constituents that are sus-
ceptible to binding to Concanavalin A (Con A) using the
hydrazidecarbonyl/acylhydrazone interconversion as
reversible chemistry has been undertaken.2
Acylhydrazone libraries were generated from the dy-
namic assembly of a series of oligohydrazide core build-
ing blocks used to arrange the components in a given
geometry, with a set of aldehyde counterparts capable
of generating sidechains to interact with the target bind-
ing site. This is depicted by the example (iv) shown in the
scheme. In the experiment, six naturally occurring car-
bohydrates were used, generating a library of 474 con-
stituents. In order to screen the library against Con A,
an enzyme linked lectin assay (ELLA) was adopted
based on yeast mannan as the immobilised ligand. Upon
screening of the library, several active components were
observed that were subsequently identiﬁed by a decon-
volution process relying on the dynamic features of the
library. Single building blocks were removed from
the complete library, resulting in a redistribution of
the remaining components. For each component
making up the dynamic combinatorial library, a subli-
brary was prepared from which all library constituents
based on this element are removed. A decrease in inhibi-
tion reveals the importance of the removed component
to the active compounds in the dynamic library.
From the deconvolution process, several active compo-
nents were identiﬁed, of which (iv) was one of the most
potent with an IC50 of 22 lM in binding to Concanava-
lin A. This work has shown that lectin ligands can be
generated by acylhydrazone formation and exchange,
allowing the eﬃcient generation of dynamic combinato-
rial libraries in aqueous media. The data also indicates
that in the ﬁrst stage of component selection for setting
up the dynamic combinatorial libraries, it is beneﬁcial to
introduce ﬂexible components to allow the library con-
stituents to adapt to the target.2. A summary of the papers in this months issue
2.1. Solid-phase synthesis
To avoid the problem of environmental impact of or-
ganic solvents, solid phase peptide synthesis in water
has been investigated. A new water-soluble N-protecting
group, 2-(4-sulphophenylsulphonyl) ethoxycarbonyl(Sps) group, was designed and Sps-amino acids were
prepared.3
A solid supported glycineimine t-butyl ester was de-
signed and successfully applied to the synthesis of (±)-
a-amino acids. The phase-transfer catalytic alkylation,
followed by acidic hydrolysis and benzoylation gave
N-benzoyl-a-amino acid tert-butyl esters in high yields.4
Recent work demonstrates that it may be possible to
make complex libraries of glycosidated cyclic peptides
by incorporating glycosidated amino acids into linear
peptides via solid-phase peptide synthesis followed by
thioesterase-mediated peptide cyclisation.5
2.2. Solution-phase synthesis
A practical solution-phase synthesis of 2H-pyrim-
ido[4,5-e][1,2,4]triazin-3-ylidenecyanamides has been
developed and used to generate a library prepared in
two steps from 6-aminouracils.6
A library of benzoindolizines (pyrrolo [1,5-a] quinolines
and pyrrolo [1,5-a] quinolines) have been synthesised
using poly(ethylene glycol) (PEG) as soluble polymer
support.7
2.3. Scaﬀolds for combinatorial libraries
The synthesis of potential b-turn mimetic scaﬀolds based
on cyclic sulphonamide peptoid/peptoid hybrids has
been described. These are readily synthesised using a
solid phase protocol followed by cyclisation in solution,
and their suitability to combinatorial approaches was
illustrated by the synthesis of a small but diversely func-
tionalised library.8
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Polymer supported palladium complexes, containing a
pyridyl bis N-heterocyclic carbene ligand system derived
from isonicotinic acid, provide highly stable catalysts for
Heck and Suzuki cross coupling reactions.9
Initial studies directed to transfer homogeneous chro-
mium-mediated solution-phase reactions to solid phase
have been presented. The main objective was to develop
methodologies for chromium-Reformatsky and chro-
mium-homoaldol reactions to aid a combinatorial itera-
tive strategy to polyols (polyketides) on solid phase.10
2.5. Novel resins, linkers and techniques
The synthetic advantages oﬀered by dynamic combina-
torial chemistry for cyclic oligomer synthesis have been
applied to the rapid synthesis of a library of cyclic oligo-
mers of a modiﬁed sugar amino acid.11
A novel linker strategy for the eﬃcient synthesis of pep-
tides C-terminally labelled with the EDANS ﬂuoro-
phore has been described. Using this support, FRET
peptide substrates bearing EDANS/Dabcyl ﬂuorescent
donor/acceptor groups can be readily prepared using
standard Fmoc solid phase methods.12
Five styrenic monomers, four with aminoalkyl residues
typical of copper containing amine oxidase substrates,
and one with a 2,6-dialkoxybenzylamine residue which
mimics previously prepared selective substrate-like benz-
ylamine oxidase inhibitors, have been synthesised and
transformed into polymers. These resins are designed
for enzyme interaction studies aimed in ﬁnding new
materials for highly biospeciﬁc chromatographic
separations.13
2.6. Library applications
In the investigation of weak screening hits, multiple par-
allel techniques have led to the identiﬁcation of potent
and selective ligands for the human CCR5 chemokine
receptor.14
A series of 4,5-diarylimidazoline libraries have been pre-
pared using high-throughput solid-phase and microwave
techniques. The compounds were evaluated as P2X7
antagonists and their SAR has been described.15
A novel series of isoindoledione-based compounds have
been identiﬁed as potent antagonists of the androgen
receptor (AR), and two parallel synthesis approaches
were used to explore SAR.16
A combinatorial chemistry approach has been employed
to prepare a restricted library of N-substituted S-acyl-2-
mercaptobenzamide thioesters. Many members of this
chemotype display anti-HIV activity via their ability to
interact with HIV-1, HIV-2, SIV-infected cells, cell-free
virus, and chronically and latently infected cells in a
manner consistent with targeting of the highly conserved
HIV-1 NCp7 zinc ﬁngers.17The synthesis of a library of trehalose-based compounds
has been accomplished, and their activities and a preli-
minary structure–activity relationship (SAR) against
Mycobacterium smegmatis have been determined.18
A new structural scaﬀold for antiestrogens has been
identiﬁed from the cell-based screening of transcrip-
tional regulation properties of a 67-member library of
homoallylic amides, allylic amides, and C-
cyclopropylalkylamides.19
Peptide ligands with the potential to modulate protein–
carbohydrate and protein–protein interactions involved
in tumour growth have been optimised through the
use of two library-based approaches.20
The use of carbohydrate microarrays to investigate the
carbohydrate binding speciﬁcities of bacteria, to detect
pathogens, and to screen antiadhesion therapeutics has
been reported. This system is ideal for whole-cell appli-
cations because microarrays present carbohydrate
ligands in a manner that mimics interactions at cell-cell
interfaces and is high throughput, since thousands of
compounds can be placed on an array and analyzed in
parallel.21References
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